A Missense Mutation within the Helix Termination Motif of KRT25 Causes Autosomal Dominant Woolly Hair/Hypotrichosis by Yu, Xia et al.
                                                              
University of Dundee
A Missense Mutation within the Helix Termination Motif of KRT25 Causes Autosomal
Dominant Woolly Hair/Hypotrichosis
Yu, Xia; Chen, Fuyin; Ni, Cheng; Zhang, Guolong; Zheng, Luyao; Zhang, Jia; Li, Chengrang;
Sandilands, Aileen; Yao, Zhirong; Li, Ming
Published in:
Journal of Investigative Dermatology
DOI:
10.1016/j.jid.2017.08.035
Publication date:
2018
Document Version
Peer reviewed version
Link to publication in Discovery Research Portal
Citation for published version (APA):
Yu, X., Chen, F., Ni, C., Zhang, G., Zheng, L., Zhang, J., ... Li, M. (2018). A Missense Mutation within the Helix
Termination Motif of KRT25 Causes Autosomal Dominant Woolly Hair/Hypotrichosis. Journal of Investigative
Dermatology, 138(1), 230-233. https://doi.org/10.1016/j.jid.2017.08.035
General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.
 • Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain.
 • You may freely distribute the URL identifying the publication in the public portal.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Accepted Manuscript
A Missense Mutation within the Helix Termination Motif of KRT25 Causes Autosomal
Dominant Woolly Hair/Hypotrichosis
Xia Yu, Fuyin Chen, Cheng Ni, Guolong Zhang, Luyao Zheng, Jia Zhang, Chengrang
Li, Sandilands A, Zhirong Yao, Ming Li
PII: S0022-202X(17)32935-4
DOI: 10.1016/j.jid.2017.08.035
Reference: JID 1062
To appear in: The Journal of Investigative Dermatology
Received Date: 5 May 2017
Revised Date: 31 July 2017
Accepted Date: 8 August 2017
Please cite this article as: Yu X, Chen F, Ni C, Zhang G, Zheng L, Zhang J, Li C, A S, Yao Z, Li M, A
Missense Mutation within the Helix Termination Motif of KRT25 Causes Autosomal Dominant Woolly
Hair/Hypotrichosis, The Journal of Investigative Dermatology (2017), doi: 10.1016/j.jid.2017.08.035.
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.
© <2017>. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://
creativecommons.org/licenses/by-nc-nd/4.0/ 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
A Missense Mutation within the Helix Termination Motif of KRT25 Causes 
Autosomal Dominant Woolly Hair/Hypotrichosis 
Xia Yu1*, Fuyin Chen1*, Cheng Ni1*, Guolong Zhang2, Luyao Zheng1, Jia Zhang1, 
Chengrang Li3, Sandilands A4, Zhirong Yao1,#, Ming Li1,4# 
1 Department of Dermatology, Xinhua Hospital, Shanghai Jiaotong University School 
of Medicine, Shanghai, China 
2 Department of Phototherapy at Shanghai Skin Disease Hospital & Institute of 
Photomedicine, Tongji University School of Medicine, Shanghai, China 
3 Institute of Dermatology, Chinese Academy of Medical Sciences, Peking Union 
Medical College, Nanjing, Jiangsu, China 
4 Centre for Dermatology and Genetic Medicine, College of Life Sciences and 
Medicine, Dentistry and Nursing, University of Dundee, Dundee, UK 
 
*These authors contributed equally to this work. 
#These authors contributed equally to this work 
 
#Correspondence:  
Ming Li, MD, PhD, Department of Dermatology, Xinhua Hospital, Shanghai Jiaotong 
University School of Medicine, 1665 Kongjiang Road, Shanghai 200092, China. Tel: 
+86-21-25078571 E-mail: liming01@xinhuamed.com.cn 
Running title: A KRT25 dominant variant in a Chinese family with ADWH 
Total word count: 1063; Figures: 2; Supplementary materials: 3; Supplementary 
tables: 1 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
Abbreviations used: 
WH: woolly hair 
AD: autosomal dominant 
AR: autosomal recessive 
ADWH: autosomal dominant woolly hair 
ARWH: autosomal recessive woolly hair 
KIF: keratin intermediate filament 
IF: intermediate filaments  
HS: hair shaft 
HIM: helix initiation motif 
HTM: helix termination motif  
 
Key Words: autosomal dominant; KRT25; whole exome sequencing; 
ADWH/hypotrichosis 
 
TO THE EDITOR 
Woolly hair(WH)/hypotrichosis is an unusual condition characterised by sparse and 
tightly curled hair (Ramot and Zlotogorski, 2015a). WH may be isolated or be 
accompanied by additional complications including palmoplantar keratoderma, 
hypotrichosis, epidermal naevus and cardiomyopathy (Veraitch et al., 2016; Ramot et 
al., 2014). Isolated WH can manifest with autosomal dominant (AD) or autosomal 
recessive (AR) trait of inheritance (Shimomura. 2016).  
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Keratins are scaffolding proteins that form a network of intermediate filaments (IFs). 
Heterodimerization between type I and II keratin to form keratin intermediate 
filaments (KIFs) is the basic building block for hair structure (Ramot and Zlotogorski, 
2015b). The phenotypic heterogeneity caused by different keratin genes also depends 
on their location within different hair structures, including the cortex of the hair shaft 
(HS), the cuticle and the IRS (Naeem et al., 2006).  
Variants in keratins K71 and K74 were described in ADWH pedigrees, and 
polymorphisms in KRT75 were implicated in the pathogenesis of pseudofolliculitis 
barbae.(Fujimoto et al., 2012; Wasif et al., 2011; Winter et al., 2004.) Recently, 
biallelic variants within KRT25 were also related to ARWH/hypotrichosis pedigrees 
(Ansar et al., 2015; Zernov et al., 2016).  
Here, we describe a monoallelic pathogenic variant in a Chinese 
ADWH/hypotrichosis family, five-generation pedigree consisting of 23 
individuals.(Figure 1a). The proband (IV-3) was a 40-year-old female, born with 
sparse, soft and curled scalp hairs. Her hairs were less dense and slower to grow 
compared to age-matched individuals. Her hairs looked wiry, coarse, curled, dry, 
hypopigmented and fragile. The frontotemporal hairline was normal. There were no 
other obvious abnormalities. Other patients showed similar manifestation.(Figure 1b). 
Light microscopy (LM) of the patients demonstrated local variations in diameter, 
showing irregular curled contours and sharp corners (Figure 1c). Scanning electron 
microscopy (SEM) showed the cortex was partially exposed with irregular overlay of 
the cuticle. Desquamation of lifting cuticle layers was obvious.(Figure 1d). More 
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frequent longitudinal grooves suggested a tendency to break at the delicate 
location(Figure 1e-f). The damage level was ten out of the 12-point scale 
classification system (Lee et al., 2016),or four out of the 5-grading system (Kim et al., 
2010). 
The genomic DNA was extracted from four patients (III-1, III-3, IV-3 and V-3) and 
six unaffected individuals (III-2, IV-1, IV-2, IV-4, V-1 and V-2). We sequenced the 
exomes of three patients (IV-3, III-1,V-3) and two unaffected individuals(V-2 and 
IV-2). (Supplemental Materials 1). Sequence variants were initially filtered against 
dbSNP146, the 1000 Genomes Project, ExAC and our internal database. Assuming 
AD transmission, the downstream variant filtering strategy was as follows: 
heterozygous variants present in the patients but not in the unaffected individuals 
were treated as possible candidates (Supplemental Materials 1). This strategy 
reduced the number of variants to 8 missense variants. Finally, only 1 out of the 8 
SNPs passed through the conservation assay. Sanger sequencing also confirmed that 
the heterozygous missense mutation in KRT25 (c.1127T>G, p.Leu376Arg) fully 
co-segregated with the disease status in this family. No mutation detection in 200 
ethnically matched normal controls suggested the likely deleterious variant 
(Supplementary Figure S1a-b).  
KRT25 encodes a member of the type I keratin family with a characteristic structure: 
the N-terminal head domain; the central α-helical rod domain and the C-terminal tail 
domain. The central α-helical rod domain starts with the helix initiation motif (HIM) 
and ends with the helix termination motif (HTM). Leu residue at position 376 is 
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located within the HTM (Figure 1g), where it is highly conserved amongst all human 
type I keratin members (Supplementary Figure S1c). Besides, sequence alignment 
of K25 among various mammals indicates that Leu376 is highly conserved 
(Supplementary Figure S1d). A single missense substitution in the HTM of the type 
I IRS gene krt25 was shown to underlie wavy/curly coat phenotype in M100573 and 
Re mice (Figure 1g) (Tanaka et al., 2007).  
In order to predict the potential effect of p.Leu376Arg variant on the function of 
human K25，we integrated multiple bioinformatics tools. The results suggested that 
p.Leu376Arg variant influenced the structure of K25 and the binding between K25 
and its partner K71. Since K25 and K71 belong to the superfamily of intermediate 
filament proteins which form an integral part of the cytoskeleton, changes in their 
binding may affect a variety of cellular characteristics. (Supplementary Materials 1). 
In order to determine the impact at the cellular level, we transfected the plasmids for 
either wild-type (Wt) or p.Leu376Arg mutant (Mut) K25 into HaCaT cells. 
(Supplemental Materials 1). The results showed the Wt-K25 protein colocalizing 
with K5 in KIFs (Figure 2a-c), indicating that Wt-K25 efficiently forms a functional 
KIF cytoskeleton via a heterodimer with the endogenous K5 protein. Conversely, the 
Mut-K25 protein showed an aberrant expression around the nucleus with a tendency 
to form aggregates with the K5 protein (Figure 2d–f). These data strongly suggest the 
mutation in KRT25 affects the stability of the cytoskeleton. 
Previous studies suggested that variants in the α-helical subdomains of keratin genes 
interfere with keratin heterodimer formation and cause dominant-negative effects or 
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haploinsufficiency. By contrast, variants in the non-helical linker subdomains interfere 
with the higher order formation of heterodimers into KIF, manifest in homozygotes 
and transmit recessively (Zernov et al., 2016). The variant we identified within 
KRT25 exhibited moderate phenotypic expression and involved the scalp hairs alone 
with a clinically similar appearance to homozygous mutations in KRT25 albeit (Ansar 
et al., 2015; Zernov et al., 2016). We speculate that the mutation may act as a 
dominant-negative in this pedigree. In addition, such variable clinical severity might 
be the coordinated consequence of the nature of the pathogenic variant, modifier 
genes and/or compensatory pathways.  
Further research will be beneficial to fully clarify the genetic and phenotypic 
heterogeneity of WH/hypotrichosis. Recent research showed that allele-specific 
silencing of mutant krt75 could achieve durable correction of hair structural defect 
(Liu et al., 2016), indicating that the identification of the pathogenic loci could open 
up new avenues for treatment of hair keratin disorders.   
In summary, we report a Chinese ADWH/hypotrichosis pedigree that results from a 
heterozygous non-synonymous variant in KRT25. We conclude that mutation in 
KRT25 affects the stability of the cytoskeleton and hypothesize this is how it affects 
hair in WH syndromes. 
This study was approved by the Ethics Committees of Shanghai Jiaotong University 
School of Medicine and conducted in accordance with the principles of the 
Declaration of Helsinki. After obtaining written informed consent, we collected 
peripheral blood samples from the family members. Patients or guardians gave 
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permission to publish their images and information.  
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Figure 1 Family pedigree, clinical features, LM and SEM observation of the HS from the 
proband’s younger daughter . SEM observation of the HS from the proband’s elder daughter, 
and schematic representation of K25 protein. (a) Family pedigree. (b) The proband’s younger 
daughter showed ADWH/hypotrichosis: wiry, coarse, curled, dry, hypopigmented and 
fragile (c) Under LM, the HS of affected individuals characteristically showed local variations in 
diameter.,irregular curled HS contours, sharp corners. (40×) (d) Under SEM, the cortex of 
affectec HS was partially exposed with irregular overlay of the cuticle. Desquamation 
of lifting cuticle layers was obvious. (e) HS of affected individuals frequently showed 
longitudinal grooves. (f) The proband’s elder daughter showed intact hair with regular overlay of 
the cuticle. Scale bar =50µm. (g) Schematic representation of K25 protein. The location of 
mutation p.Leu376Arg in human K25 is shown above the scheme and is indicated in red. The two 
variants of K25 identified in the mice are shown below the scheme. Mutations in the M100573 
mice and the Re mice are dominantly inherited, whereas the other two variants (Val238Leu and 
Leu317Pro) in human are recessive variants. The HIM and HTM are colored in orange and green, 
respectively. 
Figure 2 Mutant K25 protein leads to the disruption of endogenous keratin intermediate 
filament (KIF) formation in HaCaT cells. (a-c) Ectopically expressed wild-type (Wt)-K25 
protein formed a KIF network via heterodimerization with endogenous K5 protein. (d-f) The 
p.Leu376Arg mutant (Mut)-K25 protein formed aggregates with K5 protein around the nuclei and 
a collapse of the endogenous KIF network around the nucleus. The right hand panels are merged 
images of a and b and d and e respectively, nuclei are counterstained with 
4,6-diamidino-2-phenylindole (DAPI) in blue (c and f). Scale bar =25µm. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
